~

08/08/87 11:12 703 686 1020 LFL #06061/012

. FILE Wo. 598 0808 "ST 08:18 ID:ENVIRON PROG HEHLTH DIR 7574447261 P:-'aEE’/\l P
' N LA AT
Ok

E et

FAX

;. o
02 e e

Ta: Kelly Drey
USMCAHQ, Arlingion VA
Fax #: (HTL) fuh-1020

Subject:  REVIEW OF ATSDR “CAMD LEIEUNE CHILDHOOD LEUKEMIA STUDY
PROPOSAL™
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Papes: [R including this cover shear.

COMMENTS:
Kelly,

As Ldiscussed with you. | asked Dr. Seffrey Hyman, an epidemiologist ar Navy Knvironmental
Health Cenicer, w0 teview the sibject ATSDR proposal ar well as the “Wobuwrn study™ which is
refered 10 in the propusal. He provided a comprehensive review of the. sty which [am
forwarding you as a fax. | have previously forwarded te review 1o Wade lensen, N&VFAC HQ,
and o Dr. Kathleen Buchi, ATSDR/DOD Program Lead Agent. We are in agreemant that | pes
Dr. Hyman's recommendation, we first conduct a pilol swdy 10 determing it there is any marease
in childhood teukemiu in dependents of Marine Curps puisonnel. This should be used as the
basix to determine whether & larger swdy is needed o ol

Very respectfully,
Andren

Trom the aeek L.,

Andreg E. Lunsfors
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Navy Environmenie! | iealth Center

2510 waimsr AvBnus

Neriok, Virginla 23513-2617
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I. Background

Berween 1969 and 1989 there were 21 cases of childhood leakemia (CL) in Woburn,
Mess. This represented an excess of about 14 cases. 9 (43%) of the cases occurred in
children aped 4 or younger. A number of studies have been conducted on this population,
most recently (and perhaps most comprehensively) the Woburn Childhood Lenkemia
Follow-Up Study (WCLFS) by the Massachusetts Department of Public Health,

The WCLFES found increases in leukemia risk among those children whose mothers
drank water during their pregnancies that came from Wells G and H. In fact the early excess:
of CL was concentrated in one census tract in East Woburn, that was served by Weils G and
H. These wells were in operation from 1964 1o 1977, provided 24% of the cities water, and}
drew water from the contaminared Aberjona aquifer. Up 1o two thirds ol the ¢ity received a1
lcast some contsminated water.

At various 1imes the wells were contaminared with tichloroethylene (267 ppb},
tetrachororethylene (21 pph), chloroform, methyl chloroform, trichlororiflouroethane, 1,2-
dichloroethylene, 1,1, 1-trichlorosthane, arsenic, lead, chlordane, and viny! chleride,

Estimarting exposure to the contaminated water was g greai challenpe, which was
met in the WCLFS by querying participanis on waier nsage and by developing a complex
“Murphy™ water distribution model using water billing recoreds, water distribution pips s:z¢
and network network design. The model was caretully validated using fluoride
measurements. |

The WCLIES found that the greatest risk of CL was associated with exposure 1o this
water during pregnancy, with an adjusted odds ratio (OR) =4.9 for the most exposed {7
cases), and OR=1.0 for the least exposed. By using the statistical technique of composite
covariates these odds ralios were increased to 14.3 and 3.5 tespectively. However since
such a small number (10) of cases received uny exposure, none of the results wers
statistically significant.. .

CL risk factors were found in the Woburn population that were not related o
contaminaled witer. These included: father working in a high risk industry ( OR=2%7
maternal alchelol use during pregnancy (OR=1.5), breast [eeding ((')R=0)@ *Qit@a@cﬁ‘r 2840
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small number of cases). paternal grandfather with a eancer diagnosis { OR=2.0), and

tiatcrnal exposure 10 X-rays (OR=10.4 with only 6 cases and 2 cantrols)

I1. Weakncsses of the Wobiurn Studies

* The grentest problem was the sinall number of ceses, which prevented the researchers from
statistically demonsirating that the observed associations between contaminated water and
CL were not due to chance. It also mede it difficull w evalute confounding variables.

s Changes in warer coniamination over ime. ATSDRs own assesyinent of Wells G and H
found that the hydrogeologic churncteristics in the arcas of the wells arc “dyumnic”, The
WCLEFS reporr stated thar: “Given this fact it would be difficult 1o predict historically which
ureas of contamination fed the wolls over which time periods, It would therefore be

impossible o determine the exact blend of conteminants at any given time.” This furthes

clonded the association between water contaminants and CL.

« Multiple contamination 'I'he many contaminants found in Wells G and H, including
various heavy metals, makes it impossible tn isnlate the effects of individual chemieal
contaminants on any CL increase. The W(T.FN report stated thar: “Because testing of the
wells was very limited, a clear picture of the axtent and nature of contaminatios, as well as

the history of contamination is not knowr,.

« [uubility 10 invesrigate the possible role of infections agents.

ITI. Weburn Conclusions. »

The WCLTS simted that “These odds ratios, although not statistically significant
suggest that the relative sk of developing childhood Jeukemia was greater for those
children who were exposed to water fron Wells G aud H lrom tieir mother's consumption
of water particularly during pregaaney.” “....Odds ratios suggest that the rejative risk of
developing childhood leukemia among ¢hildren who consumecd water from Wells G aud H
{rom their birth through childhood was virmally identical for cases and controls.”

The WCLF study was unable to relate the excese risk 10 any individual contaminant

due 1o the many orpanic and inorganic substances in the water. They statad that “Bosed on
Y 1org b4

the currenily understood data regarding '1'02F exposure, @ link between TCE exposure and
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Wells G and [T and hniman health etfects secems weak, Due 1o the lack or data regarding the
effects of TCE on a developing letns, however, the plausibility cannot he dismissed.” and
“IT is interesting 1o nole that human smdies o' I'CH exposure in populations have not
demnonsirated an increased risk of jepkemia.”

In fact reseurch s sl ongoing to determine te passible role of expnsure o heavy

merals in the Wobum CL cluster,
R
V. Scientific Value Of Proposcd Camp Ledeune Study,

The inabibity of the Woburn studies to cunclively demonstrate a possible
associgtion berween volatile organic chemicals (YOUC) such as TCE aud childhood leukemuia
1s very fruerrating, and il is easy to undersiand the desire of the ATSDR rescarcliens w
conduet & similar study on another (Camp Lcjeunc) population that was caposed 16 VOCs.

ATSDR reports that 6.362 infants were born 1 familics living in the Tarawa Terruce
housing areas of Camp LeJeune during 1958 1o 1985. A further 32 births occurred to
familie< living in the more comuminated arca of Hospital Point. There is also a control
population of SXUX tamilsex at nther housing ureas. (A1 other points in their proposal they
state that the study interval is 196K 1o 19X5) Rased on population and Surve illance,
Lpidenmniogy, and End Results (SEER) Propgram incijence rates, there were expected to be
7.2 cascs among 10.000 families that they hnope 10 ennlacl.

Unfortunately, every problom that existed in Woburn and limitecd the
conclusions of the WCLFS exist in af least ay severe of % torm in the Cammp Ledeun
population. |
¢ Study Power, The proposed study will have scvere problems with sample Size and
stausticn] significance. The expecied 7.2 cases of CL ol Camp Leleune is virmally identical
to the expected number in Wobum. Even assuming @t they could aciually Tocate and
enroll 83% of the 12,000 familics (which seems virtualy impossible, seo see don V). this
study would have {at best) no more power then the Weburn studies. The ASTDR propusal
states that “...even indings that are not siatisticaly significant can provide information of

the mnst likely range of values for the sssociation between exposure and outcome.” It

- CLW
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wonld he very ditficult to justify an expenditure of 1.8 million dollars on the basis of this
study goal,

In additinn, there are other factnre which conld forther decrease study power. The
contamination paitern detected at Tarawa [errace in (Camp Lefeune ditfers from that found
in Woburn, with a TCE level of 8 ppb versus 267 ppbin Woburn. ‘1he primary contaminant
al Camp Lejeune is tetrachororethylenc (215 ppb) versus 21 ppb in Woburn. ATSIIR
reports that a study in Barystuble County, Mass. found en overall odds ratio for CL 6£2.0
associnted with watcr that contained 7750 ppb of eirachurorethylene. If the expecied
association between VOCs and CL is based on TCE contasmination, the very low lavels at
Camp Leleunc could greatly decreasc the actual pumber ol exvess CL in this population.

The incidence of CL is about twice as high in white children as i black. [f the raciz
diversity of the Camp LeJeune population was substantially greater then exisied in Woburs,
the actual number of expecied cases conld be lower then 7.2,

e Exposure determination. The ASTDR propesal suggests that water usage cstimates will
be based on interview data. If this is their plan, ir will provide much weaker exposure data
then was used in Woburn, "

e { inknown number of cases. We have no information of the number of CL cases i this
population. This makes it impossible in evaluate the completeness of the case
ascertainment. Given the very small expected nimber of cases and the resulting instability
of the nisk estimates. this will always cast douht an the stidy regults.

« Unknown stability of waier contaminants, The propnss! states that water contaminalian
was detected as late as 1985 and was recently quantified. It does not provide 5ny
information o jndicale it ATSDR has investigated possible changes in the amount and
compasition of Lhe contamination during the siudy period. They also don’t mention il they
know when the contarination staried.

« Control populations. The ATSDR proposal suggests using uationul CL rates as a conrrol
population 1o increase study acnsitivity. llowever the Camp LeJeuue populalion is subject

to continual population mixing. This mixing has been implicated as a CL risk fector and has

been associsted with leukemia clusters. The mixing is thought to facilitate viral

transmission. ‘This theary holds that viruses funetion as promoters, which act on previously
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transtormed cells. While it is intriguing to consider the possibility of prenatal exposure - 1o

envirnnmenial eonlaminanis acling #< fransforming agents, this poswbility will only

complicate the igterpretation of any Camp LeJeune resnits. 1inless prinr cindies have.
demanstrated that there is no increased risk of CL at large military bases, then only militzany
populations be used as control groups.

In summary. it is very difficult to see how, even if successfully compleled, this semady
could contributc anything to our understanding of the relationship between VOCs and

childhood izukemia.

V. Feasibility of the Camp LeJeune Proposal.

A. Casc Ascertainment Woburn has e very stable population, which makces it casier 10

locale people. In addition, the names and addresses of all 21 cascs were known to the
WCLFS researchers ahead of ime  Under thase very favorable circumstaness they were
able 1o obtain the participation of 19 of 21 cases (90 %) and 21 of 38 (55%) of the origin ial
controls.

In the proposed Camp Leleune smdy, ATSDR expects 1o locate and obtain

parTicipation from R2% ol a very mobile military population when thev do not even know-r

the number af cases, thair namac, The sacial security numbers or curren! addresses of anycone
in the population. They have nol expleined how privacy act considerations may affect their
abllity 1o obvain the information of the study popultion from military sources..
Further complicating the problem are the passage of rime {12 10 29 years), change=s

i the Just mune of up w 51% ol the children (as the pirls get married) and a substantial
pereemape of the mothers (due to divoree or remarniage). The frequent moves of military
persannel also sugpests thar pait of the “expoxed™ population was fot Hiving at Camp
LeJeune for their entire pregnancies, which further reduces statistical power und complicastes
exposure dotormination,

The ATSDR proposal states that “irucing will present quite a challenge,...”. Unles=s

the ATSDR researchers are able to demonstrate that they have been able 1o achieve un 80-

85% response rate from a similar populstion (in terms of size, time, rare oulcome, mobilitsy,

CLW
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lack of social security number und other identifiers) inthe past, their propossl should be

rejected as otally unworkable, and a probable waste of almost 2 million dollurs.

B. Cost 11is difficull In evaliate the east nt'the ATSDR proposal based on the limited
guimicuir In evaliate Ihe eng :
information provided. We do not know what part of the wnrk will he contracted out and

whether comperitlve bids have heen obtained. We dn nnt kknaw the number of ATSDR

employees who will work on the project. their labor hours, salaries, overhead rates, or what
guipment and administrarive costs are heing charged 1o this study. There is nn explanatior,

ol why data cniry and management will cost $250.000. There is also no explanation of what

will be done with the excess [unds if Uic expected 83% of the population does pot

paricipalc.

It is noted in passing that interviews (by telephone?) wre projecled 1 vost $150 each,

record tracing will cost $154 cach for 5000 records (its difficnlt to sec why S000 records

will be traced for 6-20 coses and up 1o 80 controls), and verification of medical diagnoscs

will cost $150 each for 100 records.

Most importantly, we do not have any other proposals to compare these cost

zstitpales to.

Vi. Praposed Method of Evalusating and Funding Studies.

The & TSR proposal tiusirates many problems penerally associated with sole
source. non-compelitive contracts. 11 is extremely expensive, poarly thought our, has littic
chimce ol being successfully compleled and providing useful information, and it tacks tha
detailed information thut any competent funding agency would demand before considering
L.

i1 the Navy is 10 be responsible for evaluating and funding environmental
Epidemiology studics on military personncl, then it is vur responsibility 1o develop a

mechanism to do thig in a professional manner, The National Institutes of Health is the

largest source of modical research funding in the world, and our proccdures should be based

on thairg,

i@o08/012
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It ix satistacinry 1o accepl short, less fully developed, sole souree proposals for small
($2-520.000) exploratnry {pilol) sudies. However ior larger, mote expensive studies we
should carefully develop and disseminate Kequasis frr Propogals (R EPs) that clearly, and in
detail, describe the study goals. All gualified research nrganizations (hnth public and
privaie) should be elipible 1o submit a proposal. ATSDR should be encouraged o do sn and
to use the opportunity to {urther develop their proposal inte 2 workable plan. Research
moucy is currently very tight, and we should have no rouble ddtracting a large number of
cxcellent proposals. This nationwide copetition will insure that the studies we fund are
based on the best rescarch ideas available, coploy the best investipators, and make the besy
posaible usc of the public funds which are entrusted 1o us.

The proposals will conform to a published guidcline and consist of a “technical”™ and

8 “businest” proposal. Those ssctions include:

WORK PLAN

* Objectives: including overall objertives and specific aecomplishments, o rationale for the
study plan, and a review of comparable work in progress and completed elsewhere which i¢
relevant to this study and tha prapneed anproach.

s Approach: clearly outiine the plun of work, resrarch phases, and probable outcornes of the
proposed approaches.

¢ Methods: demailed description of methadologies to he used, the investigalors experience
with each. areas of anticipaled pmhlﬁm‘s. end exira expenses which are anticipaied,

= Schiedule: for completien of'the wark phases.

e Personnel: deseribes the experience und qualifications of the personnel who will work on
the program, and their experience with similar studies, Includes the perceniage of their time
which will be spent on the study, their ttles, and their duties. Consulluuts must submit
letters of commitment and information on the cxpertise which they will provide, CVs
(resumes) are required for all key personncl, as well asa summary of their cugrent sd

proposed activities

CLW
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COST AN PRICING DATA:

e Direct Izbor hours. monthly including rates by catepary, with key personne! listed
individually.

¢ Marerials: A summary of al} items 10 be purchased and the hasis for their price.,

= Subcontract tems: Include parts and services, with s commitment letier and cost prapnsal
fron cach conlracior..

= I'ringe Benefits: Fringe benefits should be shuwn as & separate line item. Include the
method uscd for their calculation and the organizations guidelines.

« Indircet Costs: Indicate how these costs are calculated, and provide a basis {ur cvaluating
therr reasonableness.

* Specie! Equipment: [{'the prasjaosul includes the purchase of any equipment list its
descaplion, price, quantity, and the besis for it’s price.

= Travel: provide the oyeralj cost, includinp destination, duration, purpose, per dicmn, und the
baxis for cost estimates,

# Other: List all other costs not otherwise included (such s consultants, computer services) .

‘The submirted proposals will be evajusted based on the qualily of their scientific and
technical proposals, and the gualificalions af the investigators. Each proposal will receive a
score, as is done in NI1H study sections. Mropnasals in the enmparitive mnge will b2 subjected
to 2 cast analysis that includes an eveluation of the cost effecliveness of the prapnsal, past

- performance of the investipaiors and their ability 1o complete the wark on schedule,

The congract recipient will submit quarterly and annually reports, as well as a final
eporl, Funding will be awarded for one yeur, with continuations contingent on acceprable
performance and adherence to schedulcs.

To award millions of dollars of Navy funds for Epidemiology researclh without poing
through this process would be an abrogation of our professional and financial

responsibilities.

CLW
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V1. Recommendations.

* The evidence associating TCE and other YOCs with CI. is not «rnng. Nevertheless,
if a population of militery dependents was exposed at Camp Lefeune then we should
cxamine the possible cffects of the YOCs il a workable study can be designed.

TTowever, until there i sny evidence of an increased risk of CL in this population it
would not be prudent 1o spend mullions of dollars on a large scale study.
. Accordingiiy, pilot smudies should be conducted o deterimine if there was an excess of CL
@K a1 Camp LeJoune. The North Carolina Cancer Registry began in 1987 and received good
cooperation {rom the military hospitals. The California Cancer Regrstry (the locauon ol

o
b} \;‘ most marine personnel) had 83% coverage hy 1985, Names of the children in the cxposcd
g

§ \Y&g ¥4 “populations (in the proper age range) should be maiched against theses registries. This will
Q‘Q cﬁ‘} pravide very limited coverage of the Camp LeJeune population, but shounld give an
. @ * %;\a ‘indication ot any large (. excess. If relevant hospital records (esp. ‘parhology) exist they
OJ}O’ should be examined at the local milizary hospitals and at Bethesda. Military physiciang who
{\: served the Camp Lejeune population should he contacterd andt asked about their recollections
of CL. These pifot studies would cost only a small fraction nf the cost of the proposed
ATSDR study.
\QN J - [ ihere is evidence of en increase in CL a1 Camp Leleune the Armed Foreas bpidemioiogy
0 @(&; B3oard should be uxked to offer their opinion on the feasibility of conducting o large sy in
A ‘HMQ»A" a,Q)s“’{y ( this population, given the known problens.
cy & Mé \ = [f they recommend a study, we should develop and circulate @ REFP. 1 the expertise 1o do
~ 10

this i3 not currently available in house then we should contruct with NIH 1o provide training
to NEHC personne] so that we arc able to develop them. We can comract with NTIT 10
develop the RFPs until we ore oble 1o do so.

» An investipator should then be selected, funded, ond monitored bascd on the criteria listed

in section VI

CLw
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Unigue Identifier
96127579

Authars .

Insti{ution
Center for Environmental Health Sciences, Massochusctts Institute of
Technnlogy, Camhridge 17199, UISA.

Title
Elevated incidence of childhood leukemia in Waburn, Massachuscyts: NIE{1S Superfund Basic
Research Program searches for canses, :
Source
Environmental Health Perspectives. 103 Suppl €:93 £, 19935 Sep.
Absirsct

Between 1966 anc 1986, the childhood leukemia rate in Woburk, Massachuscits, was 4-fold
higher than the natiopal average. A multidisciplinary research team from MIT, which is being
supporied by the NIEHE Superfund Besic Research Program, has explered the possible
imporiance of o temiporal correlation between the period of clevated jeukemia and z previously
unrecognized mabihization of Toxic metals from 2 wasle disposal site in north Woburn. Residents
of Woburn mnuy huve been exposed to arsenic (70 micrograms/)) and chromium (240
micrograms/l) ol jevels in excess of federal drinking watcr standards (S0 micrograms/! for each
metal) hy consuming muricipal groundwater contaminated with these metals. Research is
currently Lnderway a) o civcidale lhe mechanisms and the pathways by which these metais were
transported from the waste disposal site to the drinking water supply; b) 1o determine the identiry
of the principa! human cell mutagens in samples of aguifer meterials catlected from the site of the
municipel supply wells; and <) to measurce the extent of expesure and genetic change in residenis
Who cOnsumed the contaminaled wel] weter,
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Camp LeJeune - Childhood Leukemia Study Proposal

Purpése: |

The purpose of the proposed study is to investigate the potential relationship berween
exposure 1o Volatile Organic Compounds.(V OCs) in drinking water and childhood leukemia (CL)
at the U.S. Marine Corps Base Camp LeJeune, Jacksonville, North Carolina. A secondary
objective of the proposed study is to investigate the potential relationship between VOCs in
drinking water and birth defects in this population.
Rationale:

CL is the most common cancer that occurs in childhood (), and is of tremendons public
health and public concern. There is limited evidence that exposure to VOCs such as

trichloroethylene (TCE) in drinking water may be strongly associated with CL (2). ATSDR
9 .

recentily constructed a coﬁort of approximately 6,000 infants exposed to VOCs in drinidng warter
during gestation and 6,000 births that were not exposed to VOCs for a study of pregnancy
ourcomes at Camp Lejeune. This existing database presents 2 unique opportunity to examine this
porential association in a cohort of moderate size where cxposure. is rclarikly well-defined.
wrt will also z;]lo%: us to identify any children that were diagnosed with birth
defects, but because of the very small number of specific birth defects expected, this is only a
secondary objective of the proposed study.
Study Overview:
Proposed is a nested case-control study of childhood leukemia (CL) and birth defects at

Camp LeJeune. This study would 6ccur in three phases. In phase I, an attempt would baaw

02859

During this phase, a brief screening interview would be conducted to identify potential cancer and

to locate as many of the children born to base residents between 1968 and 69%5 65 6oasi le,
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birth defect cases. In phase II, an attempt to verify reported CL and birth defect cases would be

made by reviewing medical records of self-reported or parent-reported cases. In phase III

[*)

verified cases and a random sample of 100 non-cases would be interviewe
on potentizl confounding factors. Additional information regarding proposed data collection
methods follow.
Background:
The US Marine Corps Base at Camp LeJeune (MCB Camp LeJeune) is located in
Jacksonville, on the eastern coast of North Carolina. Recently, ATSDR documenied
ichloroethylene (TCE), tetrachlorosthylene (PCE), and 1,2-dichloroethylene (DCE) in water
systems supplying two different family base housing areas at Camp EeJeune. The estimated
number of infanrs born to residents living in each housing area receiving coﬁtamiﬁated water, a
list of contaminants, and comaminant levels are summarized in Table 1. FEach of the affected
bousing areas received water containing a mixture of many contaminants, 2 phenomenon noted
with almost every populztion exposed 1o coniaminants reieascd from hazardous waste sites.
The estimated number of infants in each housing area was determiined by ATSDR during
a detailed study of late pregnancy outcomes on the base, and a database now exists containing
infant, mother and father's names, address at birth, and date of birth for all infants born to
 residents of base family housing between 1968 and 1985. This previous study identified residents
of base family ’housi‘pg based on mother's residence at birth as repoi‘ted on the birth certificate.
For most births, this address was validated using base family housing records. The earliest births
in the study occurred in 1968, the first year that birth certificates were computcriz%gw:th
Cmm Thchtest b;uths studied occurred in 1985, the last year that conm@i@alﬁxﬂvr@ ﬁtgtgl @ @
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at the base. While the pregnancy study, now being completed, was useful in addressing questi. .ons
related to some late pregnancy outcomes, questions persist about other health effects that may hzave
occurred from this exposure including cancer and birth defects. The existence of this databusase
presents a unigue opportunity for continued research into the health effects of VOCs in drink=ing
water, as well as to answer lingering questions about the health arnong residents at Camp Leleusne.

Childhood leukemia describes a disease process in which white blood cells accumulate, Bout
fail 1o reach a state of functional maturity. This leaves the individual susceptible to infecticon,
hemorrhage, and inadequate celivlar nutrition (3). Leukemiz has annual incidence of 7.1 ™er
100,000 among children 0-4 years old and deciines to about 2.1 per 100,000 a: ages 15-.19 ‘
vears (4). Five-year survival rates have increased subétantially between 1974 and 189°4C.
However, about one-third of children under 10 and about half of children over 10 stll die from
the leukemiz within 5 years (£).

There are few known risk factors for leukemias and those that have been ideutified appesar
to explain only a2 small fraction of leukemia incidence among adults or children (I). Howeve:r,
as Sandief (5} has argued, variation in leukemia incidence across gender and race in the Uniteed
States, and between devcloping and undeveloped countries, supports at least some role for thme
environment in the etiology of leukemia (5). Some éf the factors that may potentially increas:e
the risk of CL are: electromagnetic fields, viruses, and consumption of n-Nitroso compounds (.

PCE and TCE, which are metabolized to a common substance, iriclﬂoroethane {(TCA), aree
both considered to be probable human carcinogens by the International Agen;:y for Research om
Cancer (IARC) on the basis of animal testing (6-7). | However, IARC considers the huma@LW

evidence 1o be 100 limited to draw definitive conclusions. Some studies of occupaﬁor@lgxgy%:rﬁ 028614
-




to solvents, including PCE and TCE, have noted associations with leukemnia and/or non-Hodgkin's
lymphoma incidence (8-9) or mortality (10-11), but these studies did not include large enough
groups of pregnant women to address the issue of cancer in offspring exposed in utero. A small
study of the children of women who owned laundry or a dry-cleaning facility at the time of
conception revealed a strong association (OR = 3.7) between occupation and incidence of any
childhood cancer. However, because there were only 6 cases, this analysis was not broken out
by cancer type (12).

Six studies, two in New Jersey and four in Massachusetts, have been conducied of PCE
and/or TCE contaminated drinking water and leukemiz or non-Hodgkins lymphoma
(2,13,14,15,16,17). Three of the six smdies are analyses of the same TCE-exposed comrnumnity,
and differed only in their details. Each of these six studies, summarized in Table 2, have noted
associations between VOCs in drnking water and the incidence of leukemiz, although in the New_

e

Jersey studies, excesses were limited to specific cell-types and were noted among femalr;s only.

Oniy the three smdies in W oﬁum; Meassachusetts focused specifically on leukemia in
children. In 1979, two wells supplying water to east Wobum were found to conta.in)approximately '
267 ppb TCE and 21 ppb PCE. As summarized in Table 2, the most recent study in this sexies
noted a very strong association between TCE exposure during gestation and CL (OR = 8.3 95%
CI: 0.7-95). Moreover, the association was driven by cases which would have received the
highest percentage of water from the contaminated wells (OR = 14.3 [0.9-225]). A weaker

association was observed when exposure was examined from 2 years prior to conception through

age of diagnosis (OR 2.4 95% CI: 0.5, 10.6). The major strengths of this study were good

ascertainment of cases, a systematic model for defining exposure, and careful att
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timing of exposure. The major weakness of the study was the small sample size WIﬁGh was
limited by the total number of cases in Woburm. Moreover, despite the efforts made to meodel
exposure, the year when exposure first began was not known, and the conceptrationss of
contaminants that would have been present in drinking water was modelled based on 2 miniimal
amount of data. In addition, because so litile is known about the causes of CL, it is nor knoown
what potential confounders may have been overlooked. However, the likelihood that: an
unidentified confounder could create such 2 strong association is unlikely. Moreover, after— 18
years of elevated CL incidence, CL rates reverted to expected in Woburn, approximately 8 yezars
following the closure of the well. This would appear to be an appropriate lag time for CL. “The
previous investigations at Woburn (13,74) found approximately a 2-fold increase in risk, rarther
than an &-foid to 14-fold increase, which probably reflects the less specific exposure window (i.e.
trom: birth tc diagnosis) in the earlier mnvestigations.

Although it did not focus on CL, a study conducted.by Cohn er al. (16) in New Fersey auisc

W . o~ s _ . . . e
\}h notec that CL incidence, particularly acute lymphocytic leukemiz (ALL) incidence, was elevatseC.

{ \_}}n However, the association between TCE and ALL was only observed in female children but znot
p&le\ch'giﬂ] 6). Conversely, at Woburn, excesses in leukemia incidence were not limited to
ALT and were greater in male children than female children {2, 13,14). Given the small numbe=rs,
it is difﬁ;ult to evaluate how important these inconsistencies are.

There have also been suggestions that VOCs such as PCE and TCE may cause birth defescts
(13,18,19,20) although the associations noted were much weaker than for VOCs and CL.

Moreover, public concem regarding the effects of these solvents on birth defects is very higha.
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Methodsﬁ

As summarized above, the proposed study would be conducted in three phases. During
phase I, we will attempt to locate the members of the cohort identified in our birth database.
Between 12 and 30 years have elapsed between birth and the time that we will attempt o locate
this group. Tracing will present quite a challenge, because the current database does not contain
social security number for the infants born at Camp LeJeune or for their parents. In addition, the
database contains an age of each paient at the time of the infant's birth, but not exact birthdays

for the parents. Therefore, we will attempt to reduce the number of individuals who must be
traced by widely advertising our desire to locate individuals who were born, or whose children
were bomn, at the USMC Camp LeJeune between 1968 and 1985 in. publications tzrgetting military
personnel. A toll-free number will be established for respondents to provide their name and phone
number and indicate their willingness t¢ paricipars in 2 heelth study. A brel screening
questionnaire would be used for the following purposes:

(1) to confirm the names of children born on base, their dates of birth, and dates and

location of residences on base at the time of each birth;

(2) to determine the vital status of each child and the availability of his/her parents for

Interview;

(3) to determine whether or not each child had been diagnosed with cancer or birth defects

before age 20 and ascertain, to the best of the respondent’s kr;owledge the type of cancer

and birth defect diagnosed;

(4) to invite callers to participate in the proposed ATSDR study as ’récruiters' . Recrgiters

CLW

would be asked 16 disseminate information about ATSDR and the health study to previous

0000002864
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base residents who may not have seen our adveni§cments. This would not violate

confidentality since ATSDR would not ask the caller for particular names, nor follow-up

with them regarding their recruitment activities. However, it may greatly expand the
audience that receives information regarding the proposed study.

If an 80 percent or greater response rate is not acheived through publicity, the remaining
children or their parents will be traced thmﬁgh consuitation with the Navy (which may have
information as to each parent’s most recent duty station) and by using services such as Equifax.

Conduct of phases Il and IIT would be contingent on locating a large and representative
proportion of the cohort in phase I, as well as the identification of sufficient numbers of cases to
complete an acceptable study. We will assess the representativeness of the cohort that is located
using demographic characteristics available from the late pregnancy cutcome study including race,
parity, military rank, end mother's education and age at bir:h.

In phase I, an attempr to verify reported CL cases would be made by reviewing medical
Tecords of seli-reported or pareni reported cases. Cancer cases for which the organ system was
not specified would alsc be verified to determine the organ system affected. Relevant medical
information such as histologic type would also be obtained at this time.

In phase III, the parents of verified cases and the parents of a mndofn sample of non-cases,
frequency matched at a rate of 5:1, would be interviewed more completely to assess information
about exposure, such as significant time periods during pregnancy spér;t away from Camp LeJeune
and bottled water use, and potential confounders such as parental occupation, smoking status, and
service in Vietnam. | Interviews would be conducted over the telephone. Odds ratios and 90%

confidence intervals for exposure to VOCs in drinking water would be computed for all Qm
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when possible, for histologic subtypes. Because the number of expected cases in both the exposed
and unexposed groups is small, standardized incidence rates would also be computed for the
exposed cancer cases compared to an external comparison group, such as CL cases in the National
Cancer Institute’s Surveillance, Epidemiology, and End Results Program (SEER) 1egistry. This -
Iatter comparison group, while possibly less comparable tha;x the unexposed cohm:t born at Camp.
LeJeune, would provide greater polwer to‘ defect a statistically significant difference between
exposed and compartison groups, and would place CL iates In the exposed cohort within 2 narional
context.

Sampie Size Calculations:

A sample size worksheet is included as Table 3. With a 5:1 matching scheme. the
proposed internal comparison group analysis would have 80% power to detect 2 5 fold or greater
increase in rates of CL, using a one-tailed alpha of .05 (27). The proposed anzlysis using an
external standard would have sufficient power to detect a 3 fold or greater increase in rates of CL,
using z one~tziled alpha of .05 (22). Both power calcuiations are based upon tne assumption that
approximately 10,000 of the 12,000 infants (83 %) whose parents lived in family base housing at
Camp LeJeune when they were bom berween 1968 and 1985 would be located, and that half of
these infants would have resided in exposed housing areas. |

The rhagnitude of assoc;'azions observed between TCE and PCE exposure and birth defects

1s much weaker than the magnitude of association observed between these VOCs and CL.
Therefore, the power to detect such associations would be weaker. However, the added cost of

investigating birth defects once the cohort has been reconstructed would be

"3

sufficient interest to be worthwhile. 000 000 286 6
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Strengths and Limitations:

There are several important strengths of the proposed study. The first is the existerice of
a database from which can be reconstructed 2 cohort that was Qery likely to have been exposed
in wero to a variety of VOCs in drinking water. Using this database, a representative sample of
the exposed population should be identifiable. Moreover, since advertisements will be based on
whether individuais were born in base housing, and will not specify which housing areas were
exposed, it is hoped that differential parmicipation by exposure will be minimized. In addition,
the c:dsﬁng'database already contains veluable information about residential history from housing
records which can be compared with parental reports of residence. Realisticalty, 6,000 infants
with sinﬁla: In utero exposures is about as large a population as one would be able to locate in
most situations where dnnlung water contamipation has occurred substantially above current
drinking water standards. Hence, it could help us 1© answer guestions about CL in this
population, anc; also about the risks of CL in the many smaller populations of individnals where
exposure 10 VOCs through matemal éonsumption of drinking water may have occurred in utero.

The major limitation of the proposed study is the low study power, such that only very
strong associations between exposure and CL will be detected. However, the study power is great
énough to detect statistically significant results of the magnitude of those observed at Woburm.
Moreover, even findings that are not statistically significant can provide information on the most

likely range of values for the association berween the exposure and cutcome.

CLW
0000002867




08/08/87 11:31 703 696 1020 LFL @o19/016

References:

1. Groves FD, Linet MS, Devessa SS. Patterns of occurrence of leukaemias. Bar J
Cancer 1995; 31A:941-949,

2. Massachusetts Department of Public Health. Woburn childhood leukemia follow-up
study. 1996: 112 pp. :

)

Miller KB, Rosenthal DS, Weinstein HJ. Levkemia. In: Cancer Mannal. 7th ed.
Boston: American Cancer Society, 1986: 318-33,

4. Table XXVII-S. Childhood Cancer. SEER Incidence, U.S. Mortality and 5-year
Relative Survival Rates in: Ries LAG, Miller B4, Hankey BF, Kosary CL, Harras 4,
Edwards BK (eds). SEER Cancer Statistics Review, 1978-1991: Tables and Graphs,
National Cancer Institute, NIH Pub. No. 94-2789. Bethesda, MD, 19%94.

h

Sandler DP. Recent studies in leukemia epidemiology. Current Gpiniorn in Oncology
1995; 7:12-18.

6. ATSDR. Toxicological profile for tetrachloroethylene.

7. Agency for Toxic Substances and Disease Registry. Toxicological profile for
trichioroethylene. Update. Atlantz; US Department of Health and Human Services,
Public Health Service, 1993, Report No.: TP-82/19,

&. Antilla A, PUkkalz £, Sallmen M, Herberg S, Hemminki K. Cancer incidence 2mong
Finnish workers exposed to halogenated hydrocarbons. JOEM 1995; 37:797-806.

D

Blair A, Linos A, Stewart PA, et al. Evaluation of risks for non-Hodglkin's lymphoma
by occupation and industry exposures from a case-control study. Am J Ind Med 1993;
23:301-312.

10.  Olsen GW, Heam S, Cook RR, Currier MF. Mortality experience of a cohort of
Louisiana chemical workers. Y Occup Med 1989; 31:32-34.

11.  Spirtas R, Stewart PA, Lee JS, et al. Retrospective cohoit moctality stady of workers
at an aircraft maintenance facility. I. Epidemiological results. Brit T Ind Med 1991;
48:515-530.

12.  Olsen JH, de Nully Brown P, Schulgen G, Jensen OM. Paregtal employment at time
of conception and the risk of cancer in offspring. Eur J Cancer 1991; 27.958-965.

13, Lagakos, SW, Wessen BJ, Zelen M. An analsyis of contaminated well water and health
effects in Woburn, Massachusetts, JASA 1986; 395:583-96. {f‘ﬁﬁ

0000002868

10



) 0‘8/08/97 11:331 703 696 1020 LFL @Govii/016

14, Cutler JJ, Parker GS, Rosen Sh, Prenney B, Healey R, Caldwell GG. Childhood
leukemnia in Wobumn, Massachusetts. Public Health Reports 1986;101:201-5.

Aschengrau A, Ozonoff D, Paulu C, et al. Cancer risk and tetrachloroethylene-
contaminated drinking water in Massachusetts. Arch Environ Health 1993; 48.284~-
292.15.

16.  Cohln P, Klotz J, Bove F, Berkowitz M, Fagliano J. Drinking water contamination and

the incidence of leukemia and non-Hodgkin's lymphoma. Environ Health Perspect
1994; 102:556-561.

17.  Fagliano J, Berry M, Bove F, Burke T. Drinking water contamination and the
incidence of leukemia: an ecologic study. Am J Public Health 1950; 80:1209-1212.

18  Rove FJ, Fulcomer MC, KXlotz JB, Esmart J, Dufficy EM, Savrin JE. Public drinking
water contamination and birth outcomes. Am T Epid 1995; 141:850-62.

19.  Goldberg SJ, Lebowitz MD, Graver EJ, Hicks S. An association of human congenital
cardiac malformations and drinking water contaminants. J Am Coll Cardiol
1990;16:155-64. . '

20. Dawson BV, Johnson PD, Goldberg SJ, Ulreich JB. Cardiac teratogenesis of
halogenated hydrocarbon-contaminated drinking water. J Am Coll Cardiol 1993;
21:1466-72.

21. Fleiss JL, Statistical Methods for Rates and Proportions, Znd, &4., John Wiléy and
Sons, New York:1981;38-45.

[ 38)
|

Bresiow, NE, Day NE. Statistical Methods in Cancer Research. Volume I-The Design
and Analysis of Cohort Studies, IARC Scientific Publications No. 82. International
Agency for Research on Cancer, Lyon: 1987;p.277.

CLW
00000028609

11




Table 1. Summary of exposure groups and the estinated concentrations of volatile organic compounds in drinking water.

Eaposure Group BExposed Hovsging Aren Nunher Tontaminants. detected Batimated Period of Exposure
of Infanlg condaminaut levels
- S (in ppb)
PCE exposed Tarawa Terrnce 6,367 Tetrachloroethyleng 215 1958-Feb 1985
Trichlorocthylons 8
1,2-Dichloroethylene 12
TCE exposed - Hospital Point 32 Trichleroethylene 900-1400 7~ Teb 1985
Dichloroetliylene 321407
Renzens 35¢ {Activities began in 19404)
Methylene chlorids 54 :
Vinyl chloride 3
Unexpoged**# Midway Park, Berkeley Manor, 5,898
Rifle Rénge,, Courthouse Bay,
Watkin's Village, Paradise Point

* Hstimated assuming a dilution factor of 20 from sampling data for well 602.
t Detection limit was 10 ppb.
sk Infants were excluded from this group if gestation occurred in their housing area during a 12 day exposure period in 1985

12

CLW

0000002870

ge: It L8/80/80

020T 969 €0.8

14T

910/27003



s e memeevat U uLUGAT UT AL AU U UL OFIILKINE Water and leukemia

Study Location and Maximum VOC
Concentrations Observed in Drinking
Water (Reference)

Study design and sample size

Qdds ratio [95% Confidence Interval} (4 of
cases) or other results

{Vobum, Massachusetts (2)
J]'richlm-m:thylmae 237 ppb

etrachloroethylene 21 ppb from school records for the Waburn scliool district, and on age, race, sex | None 1.0 ®
and residence in Woburn on dale of diagnnsis. Exposuro was based on a Any 8.3 0.7, 951 (10)
model for distribution of dilfecent water wells to different areas of Least 31.5[0.2,58 (B
Woburn, and the duration of residence during different critical periads. Most 14.3 10.9,225] (T)

Matched case-control uludy. 19 inctdent childhood leukemia cases born
1969-1989 and diagnosed while residing in Wobum. 37 controls selected

Bxposura during prognancy

|

Yoburn, Massachusetts-(73)
rickioroethylene 237 ppb

’i" elrachloroethylens 21 ppb

!

Cumulative and ever-never exposure (o contaminated welly way nssessedd
20 incident childhood leukemin cases dingnosed between 1969 and 1983,
and compared to the rate cxperted based nn exposure rales in 164 healthy
conlrols. Bxposure wag based on a model for distribution of different
waler wells to different arcas of Woburm, and the duratton of residence in
Wabuen throughout the childy life. V

Ratio of observed ever exposed/ expected
ever exposed: [.B (p = .02)

Ratio of obseeved curmilative exposure score/
expected cummlative score:2,0 (p = ,03)

\JVobum, Massachusetts (14)
'ﬁrichlomelhylene 237 ppb
’lletrachloroethylene 21 ppb

Incidence of childhoad leukein between 1269 and [978 in Waoburn was
compared lo the expected incidence bagsed on the Third Nationnl Cancer
Suevey. The geographic location of cancers wag also nssessed.

Incidence in Wobum 2.3 times expected
(p=.007) (12 cascs)

Tneidence it Bast Woburn 7.5 times expected
{p = .0002)

[we

arnstable County, Massachusetts (15)
etrachioroethylene 7750 ppb

o

34 incident leukemia (all nges) cnsed and 737 contrals during 1983-1986
were studied, Esxposure dose was moedelfed based on information
regarding PVC piping use in the water syatem. Informntion on
demographic charnclerintics, residential history, smoking, medical and
occupationel history, boltled water consumplion, and bathing habits was
al3o collecied,

Expasure calegocy
Any 2.0 {0.7-5.5) (D
Above 90th percentile 5.8 [1.4-25] (2)

New Jersey (16) Registry-based study of lenkemia and non-Tlodgking lymphoma of all ages | TCH and childhood ALL in females
Trichloroethylene in 75 municipalities. Mean VOC concenirationg were estimated for each < I ppb 1.0

> 5 ppb distribution systen1 hased on wator snmples Inkan in 1984 nad 1985, > Sppb - 3.3 (1.3, 8.3]1 (6)
Tetrachloroethylene Cancer fuctdence belween 1979-1987 werr compnred m ponicipnlitios that | TCE not associated with ALL in males

> Sppb had differeut levels of VOCs in public drinking water supplies, PCE not associated with ALL in either sox

‘!i‘ew Jersey (17)
rCE 46 ppb
'CE 16 ppb

i
A

Heologic study baged on leukemin incidence datn for all ages from eoncer
registry for the yeara 1970921 Obaerved ralag were compared with
expecled in exposures eatogorics dofined by roeen chemical-gpecific

w of YOO

N
fente n
Ak L AAH

)
§

TCR in ferales 1.7 [nof repotled]
PCE in females 1.7 [nol reporied]
No assecintion between exposiro and

fonmbracadn feo caenlan
1ICHREITE 111 RSy,

58 _SAL

L= acute lymphocylic leukernia
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T?arget: Identify 10,000/12,000 (83 %) births. 5,000 will be unexposed.

i

; Baseline
- Age Incidence rate Person-years* Expeeted Expected
i Unexposed cases Baposed cases
i (Tf no elevation in risk)
o
3A§4 years 7.1/100,000 | 25,000 1.8 1.8
549 years 3.9/100,000 25,000 1.0 .0
1344 years 2.3/100,000 24,510 0.6 0.6
15-19 years 2.1/100,000 11,550 0.2 0.2
ﬂ_l ages: ' 3.6 3.6
*dwer Calenlation Using Interval Compadson Group
Ydds Ratio Expected Exposed Cases Power o detect when one-tailed alpha = .05
A 23.6)= 1.2 A2
1.0 3(3.6)= 10.8 57
'.b 5(3.6)= 18 79

Zn?manﬂalculaﬁmxﬂsingﬁxmmmﬁCnmpatisnn_Gmup

)dds Ratio Expected Exposed Cases Power to detect when one-tailed alpha = .05
; (When risk does not differ

from baseline)

0 3 19
0 3 79
0 3 99
0 4 Al
(| 4 .84
'Oi _ 4 1.0

l CLW
Person-years declines because some cohort members will be younger than 19,
| | | 0000002872
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Medical Records Review:

In FY 1998, ATSDR plans to review between 400 and 600 prenatal care medicail records
for mothers included in the Camp LeJeune Pregnancy Outcome Study. In FYs 1995-1997 ° ATSDR
conducted a study of birth outcomes in the infants of mothers exposed to VOCs during pr=egnancy.
Resuits contained in the Ir_iterim Report from this study indicated an association betweeen PCE
exposure and small for gestational age in two potentially susceptible subgroups: motiners with
previous fefal losses and mothers 35 years of age and older. As concluded in the Interirnn Report,
these results merit further scrutiny.,

Reviewing prenatal care records would be useft! to improve upon the information savailable
to us from the birth certifiicate. One critical source of information available on the medicsal record
1s an expanded maternal pregnancy history. Each birth certificate contained inform :ation on
previous fetal deaths for all gestational ages combined. However, fetal deaths occurringe at early
cesurional ages (miscarriages) have a different etiology than fetal deaths occulTines at laie
gestanona! ages (stillbirths). It it alsc no: clear whether fetal deaths at these different gessiationzl
ages were reported more or less completely. Unlike the birth certificate, the mediceal record
indicates whether the fetal losses were stillbirths or miscarmiages. Information regarding ¥maternal
medical conditions such as diabetes and hypertension, maternal height, and maternal weXight gain
would also greatly enrich the existing data for both the older mothers and the mothuers with
histories of fetal death. Given the adverse findings for women in ‘these clinically sussceptible

subgroups, the modest cost involved in abstracting medical records from a sample of women

would be quite valuable. . . @LW
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Proposed Budget and Timeline:

Fiscal Year 1998
Phase T

Location of Cohort
Advertisements
Toll-free Number
Screening Phone Calls (12,000 calls)
Participant tracing (5,000 records)
Datz entry and data management phase I and I
Medical record review

Fiscal Year 1999
Phase I

Verification of medical diagnosis (100 records)

Phase IIT

Interviews — 200 (120 controls up to 80 cases)
Datz enty and data management
Data analysis anc reporting

Tota! Fiscal Yezr 199§
Total Fiscal Year 1999

Total Fiscal Year 1998 and 1999

1

40,000

20,000
430,000
770,000
240,000
100,000

6N & ¥ 6N

2% )

15,000

30,000
10,000
135,000

D v A

$ 1,600,000
$ 190,000

$ 1,790,000
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